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SUMMARY 

An altitude-wind-tunnel investigation has been made t o  determine 
the performance of a Curtiss 732-1C2-0 four-bkde popel le r  on a 
YP-47M aiq&me et high b M e  LOaiLfznga end engine powere. Propeller 
characterist ics were obtained for a range of pmer coefficients from 
0.30 t o  1.00 at free-streamMach PUmberE of 0.40 and 0.50. The 
r e a u l t s  of' the force Irsaqwanente indicate pr-ily the trend of 
propeller dficlency f o r  ch&iagee power' coefficient or  advance- 
d iamter  ra3fo becase  correctfora .far -the ef"fects  of tunnel-wall 
conet.-iction have not bem applie8. .8lipntream surveys are presented 
t o  illustrete the b l d e  thjrust. lo&& -3ietjcibution f o r  certain  operating 
c o ~ l t i o n s .  

At a free-etream Ma& number of 0.40 the hiasst afficiencies 
were obteiaed at a pqtTer coeff lcient of ,O -30 fn the low rangs Crp 
ad~e.nce-81emstar ratios and at  a pwer coattictent ~f 0.90 in the 
hi& reage cr" advance-dfaxs+er- rehios. 2he envelqe of eFpiciency 
curves f o~ power coefffcfelits  froa 0..30 t o  0.90 decreased a3out 8 per- 
ce r t  betwem advance$i&ef;er .ra;i;ios of 2.10 and 4.00. The thrust  
Loading increased more rapidly on the outboard blade eectfom than 011 
me inboard sect ions as the pomz?. co& icient was increased  or BB the 

'advance%lameter .ratio W&B dscremed.' Wikhin the range af power coef- 
ficients and a h a x e - d i a b t e r  ra t ios  investigated at  a free-stream 
Mach nmber . o f  0.40, the& X&B no evldence of blade stall o r  cmpreas- 
f b i l i t y  effects. at f m e - s t r e q  Mach number of 0.50 maxkun effi- 
cieaciee -re obtained at, power codficienta  frcmr 0,50 to 0.70 at  
advance-diemeter, ra t ios  b8txeen 2.10 and, 2.50. The envelope of efff-  
ciency  curves f o r  power  co&f , lclents from 0.50 t o  1.00 decreased by 
about 17 percent between advance-dtaneter ratio8 of 2.10 and 4.00. 

t 
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A n  investigation &.the  performe;nce of eeveral  propellers on the  
YP-47M airplane a% high blade loeLaings ha8 been conducted fn the 
Cleveland alt i tude wind tunnel at the  request of the Air Materiel 
Conanand, Amy A i r  Forces. As part of the  program, a study was made 
of a Curtiss 732-102-0 four-blade propeller. fie resul ts  of the 
investigation and a brief discufmion of ... the charaoteristics of this 
propeller are preeenteit. 

The characterfetics of the  propeller were obtained for a range 
of power coefficients fram 0.30 t o  1.00 at free-stream Mach n~zn~bers 
of 0.40 and 0.50. The investigation was conducted a t  density  altitudss 
from 20,000 t o  45,000 feet for engine powers from E O  t o  2500 brake 
horsepaver at engine spa from 1100 to 2900 m. 

The propeller eff fciencies were determined frm force measurements 
and the blade thruert distributions were obtained from total-pm€EUI?0 
surveys in the pmpefler slipatream (reference I). 

A general description of the propeller and power plant  if3 86 
follows : 

Propeller 
BlaCa Leaign . . . . . . . . . . . . . . . . . .  "Urtise 732-lC2-0 
Nmber af blades . . . . . . . . . . . . . . . . . . . . . .  four 
Blad-e sections . . . . . . . . . . . . . . . . . .  NACA 16 series 

Activity f ac to& . ; . . . . . . . .  -. . . . . . . . . . . . .  150 
Propeller gear ra t io  . . . . . . . . . . . . . . . . . . . .  20:9 

W a r  emergency r a t a :  

Propeller diameter . . . . . . . . . . . . . . .  13 feet,  0 inch 
- . . . .  - " "" - " 

Ellgin8 . . . . . . . . . . . . . . . . . . . . . . . . .  R-2800-73 
&&ne apeed, . . . . . . . . . . . . . . . .  : . . .  2800 
UEtnffold pressure, in. E@: i . . . . . . . . . . .  . . .  72 .O 

. . . .  . . .  Brake horsepower . . . . . . . . . . . . . . . . . . . . . .  2800 
Military power rat-: 

Ehglne speed, e. . . . . . . . .  -. . .  i . . . . . . . . .  2800 
Brake  horsepower . . . . . . . . . . .  . . .  .- . :- . . . .  2100 

Engine speed, rpm 2600 . . . . . . . . . . . . . . . . . . . .  
Manifola pressure, in. Hg . . . . . . . . . . . . . . . .  41,s 
Brs3re h o r e z e r  . . . . . . . . . . . . . . . . .  -. . . .  1700 

%%e activity factor  is a nondimmsional function of tho propellor 
plan form deeigned t o  exprees the integrated.  capacftg of the 
propeller blade elements f o r  absorbing power (reference 1). 

Manifold preesse, .in. Hg . . . . . . . . . . . . . . . .  53.5 
." . 

N o m 1  power rat i q :  
.. - . 

_I 
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The propeller -blade-form c h ~ a c t e r i i e t i c s  are given in figure 1. 
TJm C ~ r t i s a  732-1C2-0 propelier b h d e  is s h o p  fn figure 2. 

The asembled propeller aa instal led on the YP-47M &irplme in 
the 20-foot-diemeter tgBt sectfon of the al t i tude e n d  .tunnel is 
shown in figure 3. Detail6 & the equipmnt are given in reference 1. 

The propeller ch&acteristics were obtained for  a range of power 
coefficien”8 f r o m  0.30 t o  -1.00 at free-streem Mzch numbers of 0.40 
and 0.50. The investigation wae cmducted at dezlsity  &ltitudes from 
20,000 t o  45,000 feet f o r  sisgine powers frm 150 to 2500 brake horse- 
power at erqine s p a  frpm 1100 t o  2900 qm. 

RHWCSCION OF DATA . 

The method of data reduction waa the same as . that described in 
reference 1. The f o m e  mm1;LrmentB were ,analyzed in te- of the , .  
varfetiorL af the propeller eff icien&g q’ with the propeller power 
coefficient Cp and the  w+nce-dFameter ratio J, These quantitiee 
were ccmputed . f k  the following equations : 

,. . 

P 

where 

D propeller diameter, feet 

n .propeller rotational speed, revolutions pe r  eecond 

P engine powm, foot-pounds per aecun& 

p free-stream denaity, slugs per cubic foot 

where V is the free-stream velmity in feet  per eecond. 
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The propeller  thrmet coeff fcients CT i n  the eff iciencg formula was 
defined BB 

crf = I T 
pn2D4 

where T f a  the propeller tbrust  in pomde. 

Propeller t i p  Me& number % m a  obta ind  from the equation 

where M, i e  the f ree-stream Mach number. 

The erlfpstream surveys were presented ae plot8 of the t o t a l -  
pressure  differential H, - Eo against t he  equare of the radius 
ratio (re/a12 where 
Ho free-stream t o t a l  presme,  pounds per square foot 

H, total pressure at survey point, pounds per equare foot  

R propeller radius to t ig ,  inches 

r, radial dietance fram thruet axie t o  survey point, inchee 

The propeller c h ~ ~ a c t e r i e t i c e   f o r  various blade loading condi- 
tione are separately p-resented f o r  free-etrenm Mach nmbere of 0.40 
and 0.50 kecause it we0 imwssible to c a p a r e  -&e data obtained 85 
different f?ee-strem Mach mmfbeza ov-lng t o  the variation of tunnel- 
wall constriction  effects with airspeed, As in references 1 t o  3, 
the resal te  af' the . fmce  mesmrementn are of value primarily In 
showing the trend of propeller efficiency for oh-a in  parer coef- 
f i c i en t  or  advance-diameter ratio.  'phe absolute  efficiency values 
are questionable i n m c h  a8 an average drag coefficient for the 
installation 1m8 ued f o r  a l l  of the progellere inveetigated and 
becawe no corrections have been appl%@ for. the effect8 of tunnel- 
wall cmet r i c t im .  Slipstream aurveys a r e  presented to illuetrate 
blade thrust load distribution f o r  mvera l  operating conditione. 

. - - - . . - - . - - 

C 
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Free-stream M&ch nmber, 0.40. - The propeller  characteristics 
at a f ree-stream Mach number of 0.40 are  presented in figure 4 for 
a range of power coefficients from 0.30 t o  1-00. The variation of 
propeller eff tciencg with power codf ic ien t  is shown in figure 5 
f o r  approximately  conetant  values af advance-diameter ra t io .  

The highest  efficiency in the low range of advance-diameter 
ratios W&EI obtained at a power coefficient 0.30 and in the  high 
range of a3vance4fmeter ratios at a powr  coefficient of 0.90.. The 
envelope of the  efficiency  curves f o r  power coeff ic€ents fram 0.30 
to 0.90 decreased about 8 percent between advance-diameter. ra t ios  of 
2.10 and 4.00. (See f i g .  4. )  

The effect  of power ccefficient on blade'thrmat  load  dia'tributim 
is sham by the  slipatream surveye i n  figure 6, which correSpond t o  
the  conditions of figure 5 for J rs 2.10. The blade  thrust load die- 
t r ibu t  ions f o r  power coeff  icienta frcm 0.31 to 0;81 were urxIfomn and 
slmilar. The magnitudes of the blade thrust loadings. i n  figures 6(a) 
end 6(b) cannot be canpared vith those in figures 6(c) to S(e> became 
the  density  altitudes wBre different. 

The difference between tibe r ight  and left eurveys gppkfent in 
figure 6, a8 well &B in  a l l  eubeequent.6lips~re~ strveya, was due to 
a slight  misalinment of the approaching air stream and the propeller 
thrust  axis. (see  reference 4.) 

Blade thrust  load distribution curves  corresponding t o  the condf- 
*ions of f i g m a  5 f o r  J M 2.80 are shown in  f igure 7 f o r  power 
coefficients between 0.30 and 1.05. The blade t-t load dfstribu- 
t ion  remaineb unSorm m d  the blade thrust loading increased &B, the 
gower coefficient was increaeed fram 0.30 t o  0.90. The Indicated 
reduction in t h m t  load- f o r  a change In power coefficient f r a  
0.90 t o  1.05 resulted f ram the  higher  altitude and loxer engine power 
at whiuh the power coeff  bcient :of 1.05 vae obtained. 

The ef'fect of advance-d€ern?eter. ratio, on blade thrust load dis t r f -  
bution is ahown by the  surveys i n  figure 8, mich  correspond t o  the 
conditions of figure 4 f o r  R .pawe2 coeff fcient of' approximately 0.30. 
The thrust 108dfng at J = 2 -9.6 Wair uniform oqer the blade span. A 
reduction in advance-diameter r a t io  frcm 2.96 to 1.68 increased the 
over-all blade thrust loading whlle #e thmzElt loading on the out- 
board sections incree.sed more rapidly than on the inboard sections. 
(See f ig .  8.) The thrmet loading-  fncreased more rapidly on the out- 
board blade sections  than on the'lnboariL'3lade sections a8 the power 
coefficient w&6 increa8ed or  as.the advance-diameter r a t i o  was 
decreased.  Within the razqp Clf power coefficientti and advance-diameter 
ratios irmestfgated at a free-stream Mach number of 0,4U, 'there m e  
RO evidence of blade stall or cmpress3bflit$ effecti. 
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Free-stream " Mach number, 0,5Q. - '.?he propeller characteristics 
8t a free-stroam Mcch nuTiiber of 0.50 a r e  presmted i n  f i@re 9 f o r  a 
range af power cosiYici6nts frm 0.30 t o  1.00. The variation af 
propeller e f f i c i exy  vlth power coefficient ie sham i n  f lgure 10 f o r  
a-pproxi.na,teu conetest values af advm.ce&atieter ra t io .  

N e u l y  constant me-uimum eFflclencies were obtained for p m r  
coefficienta from 0.50 to 0.70 rt advazce-dimtoter ra t ios  between 2.10 
and 2.50. The envelope of the  efficiency cu1"ve~ f o r  powar coefficiente 
from 0.50 t o  1.00 decreased a5mt 17 perceat between adwmce-diameter 
ratios of 2.10 eand 4.00. (See fig. 9 . )  Within the range of p m e ~  
coefficients and advance-diameter ratios of the Investigation, a change 
i n  blade l o d i n g  at the  high aavance-diameter ra t ios  affected the 
propeller eff ic iercg t o  a greater extent than a t .  t h e  low advance- 
dj.ameter r a t ioe  (fig. IO). 

Blade thrust lo& dfstribution c m e e  are  not  presented f o r  a 
free-stream Mach number af 0.50 inasmuch as the sllpetream surveys 
obtained were unsatisfactory. 

The results af the f o r c e  me~surq~ente are  af value only i n  ahow- 
ing  the  trend of propel ler  efficiency with chanps i n  po-mr coefficient 
or advance-d.iameter r a t io s  inaanuch'aa 110 ccrrecticxik for-the effects 
of tunnel-wall constriction on the inetalh-bion were appl-fed. The 
investiga-bion in the alti.t--ude wind tunnel of a Curtiss 732-1C2-0 four -  
blade propeller 011 a YP-47M airplane hdlcated  that :  

. . 

1. A t  a free-stream Mach n W e r  of 0.40, the highest efficiency 
i n  the low range of advance-dimeter ra t ios  ~ras obtained at a power 
coefficient of 0.30 eml In the high range of advance-diameter ratioB 
at a power coefficisnt .af, Q.90. The envelope of ef'ficisncy curve8 
for power coeff lcients f m  0.30 t o  0.90 decreased  about 8 percent 
between a3va;nce-diametor ra t ioe of 2.10 end 4.00. 

P 

2.  Within the range of power coef'ficfenta and &d.vance-dlameter 
ratfos itwetitigated at a free-stream Mach nnmber of' 0.40, there was 
no evidence of blsae o t a l l  or c a p r a m i b i l i t y  ef'f ects .  The blade 
thrust. Iozdiag increaeed mre rapidly 03. the oxbboarti blade sectlone 
than on the inboa& sectlone as the p o % i  coefficient was increased 
o r  as the advance-diameter r a t io  was decressed. 
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3. At a f ree-stream Mach number of 0.50, maximum eff Sciencies 
were obtainei: at power coefficients fraan 0.50 to 0.70 at advance- 
diameter ra t io8 between 2.10 and 2.50. 'Em envelope of efficiency 
curpaa for power coefficiente from 0.50 to 1.00 decreased  by about 
17 percent between ad-mace-diaznnter ratios of 2.10 and 4.00. 

Aircraft Znglne Research Laboratoyy, 

Cleveland,  Ohio. 
Natioaal Advisory Colm;littee for Aeronautice, 

Aeronautical m t n e e r  . 
Solaanon M. Sorin, 
Mechanical %beer. 

Approved : 

Alfred W. Young, 
Mechanical mineer .  

Abe  Silveratein, 
Aeronautical mineer  . 

1. Saari, Martin J., and Wallner, Lewla E.: Altitude-Wind-Tunnel 
Investigation of Perfomance of Several Propellers on YP-47M 
A i r p l a n e  at H i g h  Blade Loadi-ng. I - Aeroproducts H2CX-162-XllM2 
Four-Blade Propeller. NACA €M No. E6I24, Jmny Afr Forces, 1946. 

2.  Wallner, Lewis E., and Sorin, Solamon M. : Altitude-Wind-Tunnel 
Investigation of Performance of Several Propellere on YP-47M 
Air-plme at H i g h  B l a d e  Loading. I1 - Curtis8 838-1C2"El Four- 
Blade Propeller, NMA RM No, E6Jl4, Army Air Forcea, 1946. 

3. Saari, Marbin J., and Cawerse, Arthur X. : Altitude-Wind-Tmnel 
Investigation of Performance af Several Propellers on YP-47M 
Airplane at H i g h  Blade Loadings. UI - Hamilton StandElrd 
A6543A-0 Four-Blade Propeller. XACA RM No, m 2 ,  Amy Air 
Forces, 1946. 

4. Pendley, Robert E.: EFfect of Propeller-Axis Angle of Attack on 
'Phmz6t Distribution over the Propeller Disk in Relatfon to 
Wake-Survey  Measurement of Thrust. EEACA ARR No. L5J02b, 1945. 



N A C A  Rh( NO. E6J23 

* .  
r .  

.... .... . .  . . .  . .... .. . .  . .. . .... .. .12 

.10 

.08 

.06 

.04 

.02 
0 .2 .4 .6 .a 1.0 

Radius ratio, r/R 
Figure 1.- Blade-form curves for Curtiss 732-1C2-0 four- 

blade propeller. b, section chord; D, diameter; h, 
seotlon  thickness; R, mdlus to tip; r, section rabius. 
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F i g u r e  2 .  - C u r t i s s  732-1C2-0 p r o p e l l e r  b l a d e .  
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Advance-diameter ratio,  J 
Figure 4:- Characteristics of Curtlss  732-102-0 four-blade propeller on YP-47M 

airplane a t  free-stream Maoh number Yo of approxlmately 0.40. 
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Figure 5.- Effect or power coefflclent Cp on elllclencg q of Curtlss 732-102-0 
four-blade propeller at free-stream Mach number Eo of approximately 0.40. 
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(b) Cpr 0.50j J, 2.11; M,, 0.40; Mt, 0.71. 
Figure 6.- E f E e c t  of power coefficlent Cp on blade thrust 

. - load distribution at  advance-diameter ratio J of approxi- 
mately 2.10 and free-stream bzach number If0 of approxi- 
mate ly  0.40. Curtiss 732-1122-0 four-blade  propeller. 
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(d) Cp, 0.71; J, 2.09;  M,, 0.39; Mt, 0.70. 
Figure 6.- Continued.  Effect  of  poser  coefficient Cp on 

blade  thrust load distrlbution at advance-dlameter rat io  
J of approximately 2.10 and  free-stream Mach number M, 
of approximately 0.40. Curtis6 732-102-0 four-blade 
prope l l e r .  



c 

. .  . .  .... 
, ... .. .. .. .. . .... .. .. . .. . .... 

N A C A  RM N O .  E 6 J 2 3  

20 

w 

10 

5 

0 

3 

-10 

(e), Cp, 0.81; J, 2.11; M,, 0.39; Mt, 0.70. 
Figure  6.- Concluded. Effect of power coefflclent Cp on 

blade thrust load dlstributlon at advance-diameter ratio J 
of approximately 2.10 and free-stream Mach number M, of 
approximately 0.40. Curtiss 732-1C2-0 four-blade 
propeller . 
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a (e) Cp, 0.90; J, 2.83; Xo, 0.40; lit, 0.59 .  

(f) Cp, 1.05; J, 2.71; M,, 0.39; M t ,  0.60. 
Figure 7.- Concluded.  Effect of power  coefficient Cy on 

blade thrust load distribution at advance-diameter ratio J 
of approximately 2.80 and free-stream Mach number M, of 
approximately 0.40. Curtlss 732-1C2-0 four-bLade propeller. 
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(a> Cp, 0.30; J, 2.96; M,, 0.39; Mtr 0.57. 

( c )  Cp, 0.31; J, 1.98; Mo, 0.39; Mt, 0.73. 
Figure  8.- E f f e c t - o f  advance-diameter r a t i o  J on blade 

thrust lozd distributlon at power c o e f f i c i e n t  C p  of 
approximately 0.30 and rree-stream Mach number Mo of 
approximately 0.40. C u r t l s s  732-1C2-0 four-blade 
propeller. 
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( e )  Cp, 0.30; J, 1.68; M,, 0.39; Mt, 0.84. 
Figure 8. - Conoiuded. Bffect of advance-diameter  rat l o  J 

on blade thrust load distribution at power coefficient Cp 
mately 0.30 and free-stream Mach number M, of 
e ly  0.40. Curtlss 732-1C2-0 four-blade propeller, 
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Advance-dlameter ratlo, J 
Figure 9. -  Characteristics of Curtlss 732-162-0 four-blade propeller 3n YP-47M 

airplane a t  free-stream Mach number M, of approxlrnately 0.50. 
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' Propeller power coefficlent, 4 
Figure 10.- Effect of  power coefficlent Cp on efflclency rl of Curtlss 732-1C2-0 

four-blade propeller at free-stream Mach number Yo o f  approxlmatelg 0.50. 
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